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(54) MEMORY CONTROL CIRCUIT 

(57)Abstract: 

PURPOSE: To share a memory by executing arbitration 
processing of individual access requests from plural central 
processing units(CPUs) by a memory control circuit. 
CONSTITUTION: When simultaneous access is generated 
from plural CPUs 21a, 21b in the memory control circuit 1, an 
arbitration circuit 2 receives the upper request and holds the 
lower request in accordance with previously determined 
priority order, activates or non-activates a buffer 5, a latch 6 
and a selector 7 corresponding to the CPU in receiving and 
connects the bus line of the CPU to the bus line of the 
memory 3. When the memory 3 is a DRAM, a refresh request 
is processed with the highest priority. After completing the 
upper access, the lower access is received by resetting its 
holding and the corresponding bus line is connected by 
switching. 
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is^lt, mia^y a?^<^7>r ^att**«!fa36it 

#$teS-*-5i#fL *#MHcattH\ PI«r*rSI#i-5i: 

fcii±fit<7>T * -fe * »*f§»*s wft*+ t v ^ m IL % 

T * * «r«*W 5 T * ir * 

* 7 >f > t mm~f 5 * 9 >f y»R»«fS i: r 
[0 0 0 1] 

[0 0 0 2] 

HS3fe<aRfl?] ^Wlgl (»T, rcpuj £^ 

StT1j:lfi(?)CPUttMJSt#S^ ^e<7>ffiiiS 

[0 0 0 3] z.<D£ 5 *fflHHI?H ^o^5A 
Sr««COCPU^*U, CPUliSfc^mffl 

tfH9*c:*SixTV^5i*it^T^v/5 «I5 l Til, 
2iOCPU 5 2, 5 3^ffl^T, -JOCPU5 2I: 
tela** £^ L T^3$ <t (£>i£§{f 

^^rtt 5 5 74 Wgt^iX, CPU1 

5 0 rtLb 2o(7)C PU 5 2, 5 3i:ii§Bffl^ROM 
5 8, 5 9<D\ZM^ »*^6«»Jlcr^-fe^nril4* 



(2) «fB(5P6-3 0 1 6 3 1 

2 

ti0f^7/^-hRAM6Oa, 6 0 b, 6 0 c, 

^cpuri^^t^o/c, ^-=ey o^fbt-^o 

[0 0 0 4] 

^f£«^fflV^;ftT^5x^T/U* 0 — h R AM 6 OIL 

ia»**s* < * r> , mmmm t mm Lx^mit^mm t 

[0 0 0 5] /M^iOS^Pj^t^ y^RAM 
(SAT Tdramj £^5) S:ftfflt5i:#i:M:y7U 

tiSJ:?^ 4tf^h7-^ ro, 0, 0, Oj h 
20 ri, 1, 1, U S:#rfctt:*Si£*, f^0#{cftii*(OC 

o/j^0#^j t o 2$.x<D&fmTwi)>&mxfoi9 , ^<vm 
lifttry hf-?tt r o j , r i j ^^^-fbx^fo^o L 

k&fM t o l X ro, l, o, u <7)cJ:9(:^oT^ 

50 [0 0 0 6] r©±5fc*A^*r#m-afc*fc:, fcfc 

5: y^lf^AC S TMCiot, 2f@(OC PU<7)T^1r 

>?m%-AcsTM<D^^ fMzmftzti&nx, m 

[0 0 0 7] [g]ll tC&^T, (1) tt^n y^m^-C 
LK^:, (2) |j:y7l/ r >af*ff§RFREQ^, 

(3) ttjRl C PU(DT^-ir^^*ff-^-REQ 1 

(4) liS2CPU^)7^t^g*ff^REQ2^, 

(5) «T^-ir^^-r 5 V^fl^ACSTM^ (6) 
li^Uy^aiffREF?:, (7) (H1CPU607 
^txIf^-ACSl^, (8) teiS2 C PUCOT ^ir^. 

50 ft-5§-AC S 2£r, (9) ttT^-fe^H**CJ6«UTffl* 
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£ tL<5 n ^7ftf"^" • y< — RAS^, (10) &fflC<%7 
A|f ^ • ^-C A S ^^Mtl^to Ull (2) , 

(3) (0«t5C!)7l/y^g*fl^RFREQ*)5^ 
liSl7^t^5*f|*REQl^ffl5t, H*L#^ 
BJIWleJttttrn^JC^UTiai 1 (6) , (7) \C7jk£ 

AC S 1 ^ffilt^^ U t C PUO/^ i £S^U B 
11 (9) , (10) [Z^£3xZ>v ^ff^/^RAS, 

6 0 o ^f^-RASiiCPU^ib^r^t^NpWi 

fgl T^ir^ff-^AC S 1 (OjSi(D^J t 3 3-CtttfjS 
ti. t>y Mt^^— C ASit^tlX VWfLXfgfM t 3 4 
iCffi^ttS^ II "7 W^v-^B#{C^B#^iJ t 3 8, t3 

9i:*Sfttv^ J; 9*-iS?^*7A«*/<— caso* 

^CttiASnSo l^fcail U»Jt3 1tIlC 
PU^^H (3) tC^^tl^mi T^-fe^R*«# 
REQ l^tb$tLTt, H11 (5) (OT^-tr^-f ^ 
y^ASCTMfiP-CT^otl^OT, Sir 
^tXgtff^REQ 1 ©SttttttttT^-fe**^ S > 
# A C S TM<D 1 t ^ ^ ^ B#^Jt3 2 

v&ttttbtiZo Lf^oTiicpu^rn^* 

£ffiLT^b^T£~CiC(±, 3X2 + 2. 5 = 8. 5^ 
d jy^eoNrWT 3 1 &m-tZ>Z k{cteZ> 0 r^tt— 
cor * ir ;* <h 3ft b 4 P*«7 ^ -fe * T* 

[0 0 0 8] *fcH 1 1 £>B*2S t 3 3 , t34T% @1 

1 (2) , (3) , (4) <D£*>IZ % !)7l/^I*« 
^■RFREQ^ Il7^t^IM^REQli s fg 

2 T * -fe * g#ff-^R EQ 2 CO 3 iTH Wl-ffl * 
*U :(0^@1 1 (5) COT ^ir^^-T 5 v^m-^A 

tf, 7^t^?^^yWACSTM(04*)±^W 
#J t 3 5 T y 7 U > 7 ^aM(f f R F R E Q^fttWit 
btls S*]t3 6-e!)7l/s'^^TU &fcT^i? 

*^-r ^ y ^fi^AC s tm^4*)7^ 5 NfS"] t 3 7X 

1 T^irxff-^AC S 1 dSSttftJt&tLT^FjOj t 3 8 
t*ilCPUC07^t^^l9, S&^Nf*J t 3 0T? 
fg2T^-i?Xff fAC S 2 *SgJtft*t biXTNr*J t 4 0 
x*%$ 2 c P u <dt ? ± xl>mt>Z> k\<^<>tci/-~ ^r>^W\ 

KWrMtt. y7l/y^-5^y^ WIT3 2) N 
Si T^i?*-8. 5^cz-/^ (0#PpTT33) , ^27 

n^-n. 5^oy^ (b#kt3 4) y ^ 

[0 0 0 9] »WWBWttflftiS^raH^SrW*UT, il 

l> ^-=ey sr*»o4>*«aas«-e##-rsr irds-c* 

[0 0 10] 



(3) #fl¥6 - 3 0 1 6 3 1 

Mgfco/^ 9 >T > SrattR LT mlfS^ * y cO^* y << 
20 [0011] 

t i X ^ 5 Pfl tt« * S T co r ^ x g » £ ft g 
t^B*««SWtSri:i:ior, mJle^icco^^: 

y^ y^^JSt5^7^y?:ItRLtwM^^y 
^U7>fyt8«t5o :fti:j:oT«ftwfifctei 

Sco ^ J:or 5:im5, 

^0 [0012] 

lf^CPU2 1a, 2 1 b £^!J 3 £tD«|U:^ 
fiEL, tSIC^^^^ 1^L3 "C&pfi2xT^<5 Q > 
y 3^DRAMc7)I^C|j:y 7I/y^^-f-7l 0d5 

^^7^>L4^ttg^$ti, -^iawr^icy ^ 

1/ 5/ ^-R F R E QriM y ©Jl^lHlSg 1 iZAt) 

^tl5 0 SfcCPUZla, 2 1b^5)(07^t^5* 
{f-^REQl, REQ2ii/U7^yLl ) L2^l 
50 T^^ySiJfflilElSgl{cA^$n, y*y««W3l&lH:, 
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[0 0 1 3 ] H2fl, ^HSfe^J^^-^ y^JPlUK 1 (7)1 

7 ^ S^rMt § O R h 4 a , 4 

bir, S6V*tffl^^77y-N5a, 5b^ 7 >y 
^[H]^6a, 6 b t % — *t<7)ir U^^|h]S&7 a, 7b 

»^JlCPU21a, $2CPU21bWlT 
«-#W^EIl*iX-C^5. »1^777y-h5all| 
1 C P U 2 1 a t:#)St, tt^iA^ffi^ 1^^7r5a 
r it#Mfflfl^777 5 awH^iltM 
Sn, S2CPU2 1 b(^j£t5l2^y77y-h 
5 b fcR«K7gj£§nT^£ 0 3C^JSt6^7 
7ry- h 8 fcnai^-W^Kfrafrffl^sx^r 8 r fc 
t^a^^77 8wii:j;orijs^rir^ 0 w 

ar, 5brt, ^^11 3C»t5*tii*ffl^y7 7 

[0 0 1 4] mjfE-#ttf>y s^|I|g&6 a, 6blt ftSS 
-f5<fc5K:fgl CPU 2 1 a*fc(j:S2CPU2 lb^ 

^fcituffi— >tfcD-t: U^7a, 7b(7)H^ tW^^7 

CPU 2 1 al|07-^^DAl KSBRStU I2C 
PU2 1 bd^<OT^ir^S#(-<toT^fi)t$ix5"fe:U' 
^^ft*SEL*SA*Stt5i:J|2CPU2 1 bffllOx 

2i*>T ^V^fli|Hl»9 tJCA^Stt, HCPU2 

1 a*3<tCJ f *2 C P U 2 1 bfrb<DJ*V 3^<D&r? 

filcy 7 1/7^I*imFREQ^ij 7l/7^a^ 

^r-e i o^t>BiffiaB2^tii**n5o *««i:*^r 
ait^tn ^^y»j»Ei«na>rt»^pfltiaK2*: 

^-fe^B^PfffffflSrfrvv ^W:J:otf 1CPU 

2 1 a i|2CPU2 1 btKJzS^y 3 <T>#&\Y& 

m^x^^ztxh^o 

[ooi5] takings 2 {sftikfe^m 5&*i? 

^-^r^-t^ff^^a, 12b^ 
x>f H#ffft«»13a, 1 3 b H\ Si CPU 
21at$2CPU21b t^»LT*t#W^E«S 



^};!)7i/7^^vio^^!i7i/7^ 

-So 

[0016] IlCPU21a frh<DT 9±^W^Xh 
Stt^ii^fS* ■ ^-WR l • 
RDl^ffiJtl^^ ilOR^Maiaotl 
1 T*-t?*M*:ft ^-REQ 1 {d^m^, Wf?[elK2rt 
©»17n^ft*«l 2 a £^LT®5fc*£lH3S§ 
70 fflSl 5^A^J^tt5 0 $ 1 T^ir^^if ^REQ 1 {Z 

csi«u ^ s^£/*@B9Km#i-So a§ 

2CPU2 1 b^cOT^ir^^tCo^T^PSItC, 

* • ^'-WR 2 £fcte»#ii*fB# ■ R 
D 2 CD V ;tx^— ^id J; o 2 T ^ ir ^ B*f§ -SJ-R E 
Q2«^, ftJfeft^lHlKaSl 5KJ:o-C«2T* 
- ^~ac s 2*s*>f ^ v^fiKI§IK9*c:tb* 

20 [0017] • ^-WR 1 , /<-WR 

§i&*fR • WR 1 Sfctt^— WR 2&AJl£tite 

v^iSKfi^y • ^-we tiffins ft 

J§\ *2T^"fe^K*«*Sr*»L"CT^-fe^*#flr* 

jo [0018] *mmmxttT ? ± *m#is%'<om&tzifc 

llllfi^y 7U^>aS*-il CPU lcOT^ir^^*: 
-12 CPU2 0T^ir^^*CDjiK^^, ^ y 3 — 

^ ^Mltc&JIriSfrfcft, -^OFflftii^ b cog*lf ^-tei*® 
£ft-5 J: 5Cftot^5, 

[0019] y 7u-y>^i$^tt«ria!; 7us/ 

4-* 1 0/6^^y 7l/^/'>aI*(!§RFREQ 

7Ur/aff^ • a-ref^^^T * ^£jdciaiM» 9 
^^tlSttfcC, CPU2 1a, 2 1b|:*ft5 
^x^f h^jf^-'/^WAITl, ^-WAIT2d s 
CPU2la, 2 1blilA*j£ft, ^{:!i7U-7^a 
• ^REF(aoTi»2^T1i^P j/^ff 
^CLKri^lk^ft, f lCPU21a^2CPU2 
lb^&^#7^t^S#ffifREQl, REQ2fi(S 
e<5?ft-(\ T^-fer^ff^ACS 1 , ACS2f2^-r^> 
^fiKlH]SS9^iifcU^^tt^v\ 'fttcioT^y 3 
50 <£>y y i-yi/~frmm%mftktj:Z>o 
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[0 0 2 0] m 3 te, 8Sf?[H& 2 (OSM^S/tSc^^I-Ih] 
KD-CfcSo H3t*5^TBl2Jc#j£-r5«»{cttH- 
<o#flgffi&WLTS>5o IWf¥lElK2fi, P7u r >Mf 
*4*»i4t, *i*5J:VJB2T^-fe^fS^fiS;SBi 

2 a, 1 2 b »l*3j;tf!|5 2 h^*ff^*^ 
^ 1 3 a , 1 3 b b , m9u^\B\m^ 15h «9 
tf^* n y 1 6(D#7'd ^motM 

[0 0 2 1 ] «5fc«:}£lIl&SfR 1511 5 fli^A^^^ i 
2 0 - i 2 4 £ 3<B<£>tH;fi$B^P 7- P 9^t^, & 
AMfi 2 0, i 21, i 2 2Cliy7l/i/^^g* 
ff^RFREQ, *17^t^B*«fREQl, ^2 
7^t^S#ft*ACS 2 WilWA*StL5o ffi^fe 
*£lHltt<fBl SlCRttfeftri^S 3ocONAND^— h 
<7)9o, IlNANDy-hQl H 2 N A 

N D *f — hQl 3f*3A;*K »3NANDy- hQ 1 5 
li4A^t*)ot, rtlbNAND^-hOilAM 
flCttT ^ t^B *ft*R F R E Q, REQ1, REQ 
2 ^fiSUMA^ Six, ffi 2 A*S^ Ktt*^lWK:«a>ft 
Tl/^D®7y7^7Py« (KT Td-FF[p] 
2&J D4~D6*^^T^-ir^S*f9-§- (RF 

REQ) , (REQ1) , (REQ 2 ) LTfflB'J 
tcA^£ft5o *ty=»«D-FFIUKD4-'D6Sr^L 
Tm^£ft5ff^rfc5^£^U mllSNANDy- 
hQ 1 1-Q1 3^fi:^A^£ft3T^1r;^*{f^R 
FREQ, REQ1, R E Q 2 <h Wft\1rZ> tzbbXfo £ Q 

[0 0 2 2] ftJlE 3 Otf)D — F FJh33&D 4 , D5, D6 

coA^iffi^D (jkt W^dj fct^5) mis, Sfrfer^ 

tXg^ff^RFREQ, REQ1, REQ2^^tlf 
ftfllgiJKA^SftSo J/c^-^SKK (JWT Tjffi 
-7-CKj ^9) ft, A^S^-i 2 3K#iiKg&f*<* 
ft, S^t^Stt^^^niy^lf^RQCLK^A 

^£ft5 0 tfc^ots^DcwfnA^^n^g* 

ff^RFREQ, REQ1, REQ2(t SfCKCA 
n >>^ff-^RQC LK60iZ!^± 
*s 9 J: or ft UiiSft, ffi^^Q (KT TiS^-Qj 

tcr^-ir^H*{f^ (RFREQ) , (REQ 
1) , (REQ2) j&SB^£ftraj^£ft£^£K& 
5 0 :ilCJ:otfci:x.tfSlNANDy-hQll 

Q, (RFREQ) &b hlZs^<7)t$, '<yVTm$k 
Q 1 2£jY Itffi^Si 1 p7|:571/5/ >>Mf . s<— 

REF^ai^i~5 0 »irm«*'^-Acsi, 
/<-ac s 2fro^rt>isifilr*?^o 

[0 0 2 3] mi D-FF0KD4^feffi«^ ■ '< 
-Q (JL^T rffl^-./<-Qj £V>9) It, I2NAND 
y — hQl 3^ 3NAND h Q 1 5 b <D&m 3 A 
*Sm;i*ft^ftgHSc£ft. 12 D-F F[E]g§D 5(7)^ 
^ • ^-Q(i^3NANDy- h Q 1 5(D|4AMf 
W£lSfe<*ftr^5o wft*cJ:orBul5 3o^K*:m#R 



(5) #FBfl¥6 - 3 0 1 6 3 1 

FREQ, REQ1, R E Q 2 (Dffl \C , flE5fcHS{4ri s fi-tt 
bftSrfctCftSp t4^SlD-FF@8D4(Dlii 
^3 • QtC± or SB 2*3 J: 3 <75N AND y— hQ 

12, Q l sv&tilZ-f^X'^ bta*) , m l *3J:t/JS 
2T^-ir^ff-^ • /^-AC S 1 , ^-ACS2(Wi: 

*or^i*ftfc#«B»{b*ftSo LfcdSorfcix.tf y 

7l^7Va^f^RFREQ^P$}:I 1 T 
*ft*REQ ldSA^Sftrt, * l T^irxff-^ • ^ 
-AC S 1 tetti*£ft&V\, mi T ^ir^g^lf^-RE 
70 Q 1 b%2T ^irx^^ff-^AC S 2 OBB«t>P«r«> 

5 0 SfcfltrftLrA^SftST^-fe^si*^*^**^^ 

«*tcj^5SWlt©jfe«(Z)ftrts*s«fcft5 0 
[0 0 2 4] m^iH^p 7^ffl*Sftsy^^s/*>a« 
f - ^-REFt, m^ffi^-p 8ictU^$ft5mi 
«ltt'/<-ACSli, U^ffl^-p 9fctH**ft5 
m2T^ir^{f-^- ACS 2 ^-fftfcEI*L 

fev^^r ^ ^y^fiREiKa (H2^*5v^r#fiHW9r* 

20 £ftrv^£) (CA^SftSo **5H&IS«jS^D-F F® 

S§D4-D6^#yt^hS? (£IT rffi^-Rj £v> 
9) tt, !>-fey hAijiSf i 2 4fc*iilC»«Sft, * 

-So 

[0 0 2 5] »Ctcy 7 Uyi/zxff -g-£fifc8H At, %\ 
|5J:i;i2 7^t^m«12a ) 12biltV^f 

ftfciRicniKfltfiitrfct), y 7 4 

tt, ORy-hQl^ANDy-FQ2^D-FF0K 
30 DlitMSti, A^ffiT- i li:!)7Ur>aB*fl 
fRFREQ^AASto^^ D-F FjnlggD 1 £D 
jgjy. . Rfiu— "CfcQ, D-FFfflDK^yr 
£ftTiffi^ • /<-QIWefc9, Lf:^ot[ij» 
p 1 <7)t^/W3:P— rfcio y 7l/yv'a83(!;«tRF 
REQC^oTAMT-i 160U^WC^5t, 
D-FF[hISSD icoy ir^/ has#PBfc£ftSj&S, K^-DK 
tt«S«BEVc36SBDiP*ftr*3«9, »CK^^;H 

40 *«#RFREQdS&a<^fl|5fe^|Hl(S»l 5CAA^ 

ft&o 

[0 0 2 6] ffi^ctt:^|H]S&^ 1 5 r<Z>»fmi«Ji£<E>ii 9 
r*>9, #»HJSft6 y 7 l/y v^aflf • ^-R 

EFtt!/7ky>'af|f4riES|!l 4^A^/ffi^i 2(C^> 
A^^ft^ 0 ^f:y7i/r>a|f^./<-REFCJ;o 
r*^ S>^^*Ett«*»fo*m*ft5*?A«*- 
-CAS^Sf i 3flt>A^^ft5 0 A^iffl^- i 
2, i 3 0U'</M*'M'j&»e>n-- ^SEfcSAS, D-FF 

ih]kd iott«8«*fb-fr-r, y7i/y*>aj#MRE 
jo Qiiiy7i/-r>a^7^T'^$k r^Rmc^-ey 
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E Q H^HcT^otD-FFB^D 1 (Dtifc^ ■ 
R{C y ir h 7^7^*9 , y y\yy^^\t^ • ^-RE F 

[0 0 2 7] P3^{CLT^1 7*-fe*«#£l««Rl 2 a 
^)A^«^- i 4 icfg 1 7 * i? x^ff E Q 1 fi*AJl 

Ql^ttS^StL, 1 5<DD-F F0S&D 

^laot, fg 1 7^-feX^*:ff-^REQ 1 §r^«9iA 
^ ffi 1 7^i?xff-^ • /<-AC S 1 ^rtU^Ji-^o rtl 
Wotl 1 C PU 2 1 a 7^£><7)##iA^/l^iA7^ 

SftTV^BBtt, mJlED-F FtHlSSD 5<DS^ . ^-Q 
/^<DP-ffi^lc£oTfg2 7^i?x{f-^ - /^AC S 

Xff^--^— ACS l^l2 7^t^ff^-ACS 2 «£ (9 
tfS5tLTm^$ti5 0 *2T^-fe^«*^l«Bl 2 b 

SfSl 2 a ir^<|p]i:T*fcSo toCPU21a, 21b 
J&»5)7^t^!!#<ltREQ 1 , R E Q 2 fcAJj 

m^m^zv*.^ bm^m^ • ^-wa i t i , w 

A I T2^>)x^ h^^ff^^l 3 a, 13 b 

[0 0 2 8] ^^^FI*|t^8l3a, 1 
3 bte, I1CPU21 afcJ:^! 2S2CPU2 1 b 
*>fe<^#T^"fe^5*JCj£*L'r, Si CPU2 1 a £3 
J;^2CPU2 1 bl^Ltll hg*{f-^-w 
A I T 1 , 12 hg*lffWA I T 2 Sr<BgiJtCtti 

jjiTZ>h<DX\ D-FF@KD7tNANDy-hQ 
7, ioit/D — F FIUKD 8 t NANDy- h Q 8 £ 
X^XmZ\B]m^m^tlXl^ 0 2o(DD-FFIhISS 

D7, D8<Di$^D{a^mmmj±v ctfEpm&tix^^ 

Sl2a, 1 2 b(7)D-F F0SD 2, DS^CK 

[0 0 2 9] StNANDy- hQ 7, QS^Mil 
-*i:tt7^t^S*f|fREQl, REQ2^A*J 
tl. *t**-ttD-FFiaKD 7, D8^«^-Q^ 
A^J^tL^o T^ir^^ff-^REQ 1 , REQ2fiD 
-FF0SgD7, D8«'/^R{;f)A^^c 
LMot^-i' 3 a, 1 3 b tf>A 

flfriS^T^-fe^»*«^fiR«fBl 2a, 12b^ 

*i?;*B3ft{f4§-REQ 2^A^*tL5t, tti^B&^p 
5, p6^t)li7^t^5*flfREQl, R E Q 2 CO 
S»Tfc6!)x/f hi*jff • ^-WA I T 1 , y< 
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